Abstract: This paper is connected with compress-and-forward strategy for two-user relay broadcast channels without common messages
Introduction
In 1971 van der Meulen has first introduced the relay channel [1] , where the relay node does not transmit its own messages, instead of helping the communication from the sender to the receiver. In [2] the capacities of the physically degraded relay channel, the reversely physically degraded relay channel and the relay channel with Fig. 1 , consists of a channel input alphabet 1 X , a relay input alphabet 2 X , two channel output alphabets 2 Y and 3 Y , and a probability transition function 2 
1 2 ( , , )
p y y x x , where 1 x , 2 x denote the source and the relay inputs, respectively, while 2 y and 3 y denote the outputs at the relay and the destination, respectively. :
In this paper the relay node is assumed to operate in full duplex and to be causal. The encoding and decoding structure of the messages for DM-RBC is shown in Fig. 2 . 
The message flows in this channel are illustrated in Fig. 3 . The average probability of the error is defined as the probability that the decoded messages are not equal to the transmitted messages, i.e., ( 
Main results

Discrete memoryless channels
In this subsection we obtain an achievable rate region for DM-RBC via compressand-decode strategy introduced in [2] .
Theorem 1.
A rate pair ( ) 13 12 , R R is said to be achievable for DM-RBC if ( ; , in block . So the transmitted codeword pair can be written as: ( ;
2) The relay decodes b z by looking for a unique ˆb z such that ( ; ,
The achievable rate region in Theorem 1 can be concluded directly from (7), (8) and (11), while the constraint (5) follows from combining (9) and (10).
Gaussian channels
Characterizing the capacity region of AWGN-RBC is more interesting than that of DM-RBC. For simplicity we assume the input distributions to be Gaussian. By applying the results given in Theorem 1 to AWGN-RBC, we can obtain some numerical results and assess the behavior of the rates in AWGN-RBC. Corollary 1. An achievable rate region for the AWGN-RBC is the set of all rate pairs 13 12 ( , ) R R satisfying the next equations:
( ) 
P r o o f:
We choose the Gaussian codebook as follows.
( )
and they satisfy ( )
( ) ( ;
From (4) we have (18)   1 3  1  2  3  2  2  3  2  2  3  2  1ˆ( ; ,
. For simplicity we derive each term, respectively (19) We can obtain (13) 
So we obtain (14) . Next, we will compute the constraint on the compression noise variance N c . From (9) it follows:
log (2 ) 2 2 
On the other hand, from (10) ( ; )
1 log 2 1 log 2
Combining (22) and (29), we obtain (15). ■
Remarks
The above results are obtained by compressing the symbols after peeling off the component of intended for the relay node which is represented by . Alternatively, the relay does not have to peel off any component from its observation. So, we can obtain the following results.
Theorem 2. A rate pair 13 12 ( , ) 
denotes the set of all sequences ( ) 
o t h e r w i s e .
o t h e r w i s e . 
, , n A U U ∈ u u for each product bin. For a sufficiently large , such a pair exists with high probability if (34) ( )
5) For each product bin and its corresponding pair ( ) ( )
x w w , drawn according to (38) and (39), while the constraint (33) follows from combining (36) and (37). ■ Corollary 2. An achievable rate region for the AWGN-RBC is the set of all the rate pairs 13 12 ( , )
R R satisfying the next equations (40), (41) and (42), subject to (40) 
( ) bounds of AWGN-RBC include the inner bound based on decode-and-forward strategy [11] denoted by the curve of DF-RBC, the inner bound based on Corollary 1 denoted by the curve of CF1-RBC and the inner bound based on Corollary 2 denoted by the curve of CF2-RBC. The inner bounds of AWGN-RC include the lower bound based on decode-and-forward strategy [2] denoted by a circle point of DF-RC and the lower bound based on compress-and-forward strategy [2] denoted by a circle point of CF-RC. From the two figures, we can have three results. The first one is that the rate from source 1 to sink 3 increases when sink 2 provides some resources to help the communication between source 1 and sink 3. We can use decode-and-forward strategy or compress-and-forward strategy to help the communication from source 1 to sink 3 when the rates from source 1 to sink 2 are less than certain values or the curve BC is lower than the curve RBC. So the rate region of BC improves considerably when the collaboration between the two sinks is allowed. Moreover, the maximum is obtained when all the resources of sink 2 are used to help the communication between source 1 and sink 3. The maximum rates based on decode-and-forward and compress-and-forward are depicted by small circles denoted by DF-RC and CF-RC on the vertical axis in Figs 4 and 5, respectively. From these figures, we can conclude that the relay channel is a special case of the RBC.
The second one is that the inner bound based on Corollary 1 denoted by the curve CF1-RBC is better than that based on Corollary 2 denoted by the curve CF2-RBC. The numerical results demonstrate that sink 3 can exploit much more information when the relay node uses compress-and-forward messages without peeling off any components. Hence, the inner bound improves.
The third one is that the inner bound based on decode-and-forward strategy is better than that of compress-and-forward strategy when the noise at sink 2 is small or the channel from source 1 to sink 2 is better than that from source 1 to sink 3 or the node sink 2 is near to the node source 1. Otherwise, the inner bound based on compress-and-forward strategy is better than that based on decode-and-forward strategy.
Conclusions
In this paper we consider a two-user RBC without common messages and derive two achievable rate regions for DM-RBC and AWGN-RBC via compress-andforward strategy, respectively. The numerical results for AWGN-RBC show that the inner bound based on compress-and-forward strategy improves when all the messages without peeling off any components are compressed and sent to the receiver. It also verifies that the inner bound based on compress-and-forward strategy is better than that based on decode-and-forward strategy when the relay node is near to the sink node. Moreover, the rate region of the broadcast channel improves significantly when the collaboration between the two receivers is allowed. So the relay node can provide residual resources to help the communication between the source node and the sink node after its private R e f e r e n c e s
